Attorney Docket No.: 042390.P17284 



PATENT 



UNITED STATES PATENT APPLICATION 

For 

Zeolite - Sol Gel Nano-composite Low K Dielectric 



INVENTORS: 
Hai Deng 



Prepared By: 
Blakely, Sokoloff, Taylor & Zafman llp 
12400 Wilshire Boulevard 

Seventh Floor 
Los Angeles, CA 90025-1026 

(408) 720-8300 



"Express Mail" mailing label number: EV617209355US 



hxpress Mail mailing label number: 
Date of Deposit: V\ f 1$flO 



I hereby certify that I am causing this paper or fee to be deposited with 
the United States Postal Service "Express Mail Post Office to 
Addressee" under 37 CF.R. § 1.10 on the date indicated above and that 
this paper or fee has been addressed to the Assistant Commissioner for 
Patents, Washington, D. C. 20231 
Patricia M. Richard 




ie of person mailing paper or fee) 



(Signature of person mailing paper or fee) 



(Date signed) 



1 



Attorney Docket No.:42.P17284 



Zeolite - Sol Gel Nano-composite Low K Dielectric 

FIELD 

[0001] This invention relates to the field of fabricating semiconductor devices 

and, in particular, to composite low k dielectrics. 

BACKGROUND 

[0002] Modern integrated circuits generally contain several layers of interconnect 

structures fabricated above a substrate. The substrate may have active devices and/or 
conductors that are connected by the interconnect structure. 

[0003] Interconnect structures, typically comprising trenches and vias, are usually 

fabricated in, or on, an interlayer dielectric (ILD). It is generally accepted that, the 
dielectric material in each ILD should have>a low dielectric constant (k) to obtain low 
capacitance between conductors. Decreasing this capacitance between conductors, by 
using a low dielectric constant (k), results in several advantages. For instance, it provides 
reduced RC delay, reduced power dissipation, and reduced cross-talk between the metal 
lines. 

[0004] Some materials that may be used for ILDs are sol gel dielectrics. Sol gel 

materials, such as silica sol gels, start as a sols, or solutions, and go through a phase 
transition to form a wet gel. Typically, the solvent is extracted from the wet gel to form 
an ILD, with pores distributed through out the ILD. These pores allow sol gel materials 
to obtain low k dielectrics. However, these dielectrics often posses bad mechanical 
properties, which leads to fragility during hardening and semiconductor fabrication. For 
example, ILDs with weak mechanical properties may crack or otherwise break down 
during harsh fabrications steps, such as chemical mechanical polish (CMP). 
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[0005] Another material that may be used for ILDs is zeolite or silica zeolite. 

Zeolite films are advantageous in that they have a relatively uniform pore distribution and 
have good mechanical strength. Furthermore, zeolite films have dielectric constants (k 
values) in the range of 2 and below. Yet, zeolite is a crystalline structure, which makes 
forming a uniform film extremely difficult. Discontinuities in an ILD may cause line to 
line leakage or diffusion into the ELD materials. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The present invention is illustrated by way of example and not intended to 

be limited by the figures of the accompanying drawings. 

[0007] Figure 1 illustrates a sol with zeolite particles dispersed in the sol to make 

a sol - zeolite colloid. 

[0008] Figure 2 is a cross-sectional elevation view of an underlying layer with a 

conductor and an etch stop disposed on the underlying layer. 

[0009] Figure 3 is a cross-sectional elevation view of the sol - zeolite colloid 

from Figure 1 after it has been deposited on the underlying layer from Figure 2. 
[0010] Figure 4 is a cross-sectional elevation view of Figure 3 after extracting 

some solvent to form a wet gel. 

[0011] Figure 5 is a cross-sectional elevation view of Figure 4 after approximately 

all of the solvent has been extracted to form an aerogel. 

[0012] Figure 6 is a cross-sectional elevation view of Figure 5 after the structure 

has been calcinated 
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DETAILED DESCRIPTION 

[0013] In the following description, numerous specific details are set forth such as 

examples of specific, sols, alcohols, acids, silicate precursors, etc. in order to provide a 
thorough understanding of the present invention. It will be apparent, however, to one 
skilled in the art that these specific details need not be employed to practice the present 
invention. In other instances, well known methods and materials, such as spin-coating, 
dip-coating, and sol-gel processing have not been described in detail in order to avoid 
unnecessarily obscuring the present invention. 

[0014] The method and apparatus described herein are for forming interlayer 

dielectrics (ILDs) from a zeolite - sol gel composite. A composite may be any 
combination of two or more materials, such as silica sol gel and zeolite, whether actual 
bonds are present or not. A composite may also be a material formed from a combination 
of materials which differ in composition or form and retain their identities and properties. 
A composite may also include a nano-composite, where the zeolite particles are nano 
sized in a silica sol gel matrix. It is readily apparent that any sol-gel materials may be 
used in combination with zeolite to form a zeolite - sol gel composite dielectric/film. 
However, as not to obscure the invention this disclosure will focus on silica base sol-gels 
to describe the methods for forming composite zeolite - sol gel films. 
[0015] Figure 1 illustrates a liquid zeolite colloidal suspension solution (sol). 

Zeolite - sol colloid 115 may comprise liquid sol 105 that contains colloidal suspended 
zeolite particles 110. Zeolite particles 1 10 may be dispersed in liquid sol 105 by adding 
them to liquid sol 105. Furthermore, zeolite particles 1 10 may be may be dispersed in 
liquid sol 105 by stirring both zeolite particles 110 and liquid sol 105. For example, 
zeolite particles 1 10 may be dispersed into liquid sol 105 by putting the solution in a 
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centrifuge and spinning liquid sol 105 until zeolite particles 1 10 are suspended in zeolite 
-sol colloid 115. 

[0016] Liquid sol 105 may be any solution used to form sol-gel films. As one 

example, liquid sol 105 may be a silica sol. Liquid sol 105 may include an alcohol-type 
solvent such as ethanol, methanol, 1- or 2-propanol, and 1-butanol. Liquid sol 105 may 
include an acid as an acid hydrolysis catalyst. Some acids that may be used include: 
hydrochloric (HC1), nitric, sulfuric, phosphoric, hydrofluoric (HF), acetic, and citric acids. 
In addition, liquid sol 105 may also include a silicon precursor, such as tetraethoxysilane 
(TEOS), tetramethoxysilane (TMOS), tetrapropoxysilane (TPOS), and tetrabutoxysilane 
(TBOS). Liquid sol 105 may also include a controlled amount of water. It is readily 
apparent that other material may be added to liquid sol 105, such as metal or any other 
material. 

[0017] The molar percentage of zeolite particles 1 10 over liquid sol -zeolite 

colloid 1 15 may be varied to obtain any viscosity of colloid 1 15 or varied to obtain 
different mechanical properties in the final zeolite - gel composite dielectric, which is 
discussed later in reference to the later Figures.. For example, the zeolite particles 1 10 
may have a molar percentage of 1% of the zeolite - sol colloid 115. As another example, 
the zeolite particles 1 10 may have a molar percentage of 50% of the zeolite - sol colloid 
115. It is readily apparent that the percent of zeolite particles 1 10 to zeolite - sol colloid 
1 15 may be any molar percentage. 

[0018] Turning to Figure 2, and underlying layer 205 is depicted, which often is 

comprised of several active devices and/or a layer with conductors exposed. Underlying 
layer 205 may be a semiconductor wafer including device regions, other structures such 
as gates, local interconnects, metal layers, or other active/passive device structures or 

6 Attorney Docket No.:42.P17284 



layers. In Figure 2, underlying layer 205 has underlying conductor 210. Underlying 
conductor 210 may be copper or copper alloy, as well as some other conductive material 
such as gold. Underlying layer 205 may be a wet gel or gel - zeolite composite dielectric 
in accordance with this disclosure, which may contain any of the aforementioned devices. 
[0019] Figure 3 depicts a layer 310 disposed on underlying layer 205 after a 

zeolite - sol colloid, such as zeolite - sol colloid 1 15 as shown in Figure 1, has been 
deposited on underlying layer 205. The zeolite - sol colloid may be deposited on 
underlying layer 205 in any variety of known methods. For example, the zeolite - sol 
colloid may be deposited by dip-coating underlying layer 205 in the zeolite - sol colloid. 
As another example, the zeolite - sol colloid may be deposited by spin-coating the zeolite 
- sol colloid on underlying layer 205. It is readily apparent that these well-known 
methods, as well as other well-known methods, of depositing dielectric material may be 
used to deposit the zeolite - sol colloid on underlying layer 205. 5 
[0020] Figure 4 illustrates wet gel - zeolite composite 410 after a zeolite - sol 

colloid, such as zeolite - sol colloid 1 15 as shown in Figure 1, has been formed into a 
wet gel. The zeolite - sol colloid may be formed into a wet gel by extracting at least 
some of the liquid/solvent present in the zeolite - sol colloid, as illustrated in extraction 
step 405. Any amount of liquid may be extracted to form a wet gel with different 
properties. For example, a small amount of liquid may be extracted leaving the wet gel 
viscous and pliable, so as not to crack during hardening or further processing steps. As 
another example, some or almost all of the liquid may be extracted to form a wet gel that 
is closer to a solid phase transition having different mechanical properties. As yet another 
example, all of the liquid may be extracted from the zeolite - sol colloid to form an 
aerogel - zeolite composite, which is discussed in more detail in reference to Figure 5. 
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[0021] Extraction step 405 may be any method that extracts liquid from the 

zeolite - sol colloid. Extraction step 405 may include heating the interconnect structure. 
As an example, the structure may be placed in an oven or furnace and heated to any 
temperature above room temperature over an amount of time. As another example, 
extraction step 405 may include oxidizing the zeolite - sol colloid. Oxidizing the zeolite 
- sol colloid may include allowing the air to oxidize the zeolite - sol colloid over a period 
of time or exposing the structure to an induced ozone. Extraction step 405 may also 
include drying the zeolite - sol colloid. As an illustrative example, the structure may be 
dried in air at 40°C to 80°C for a period time. Extraction step 405 may also include 
vacuuming the liquid from the zeolite - sol colloid. For instance, the structure may be 
placed under a vacuum to extract the liquid from the zeolite - sol colloid. 
[0022] It is readily apparent that each of the methods of extraction of liquid from 

a zeolite - sol colloid may individually or combinational^ be used to extract at least ; 
some liquid from the zeolite - sol colloid. As an illustrative example, the zeolite - sol 
colloid may be heated in an oven while under a vacuum. As another illustrative example, 
the structure may be dried in air and then separately heated. As noted above, any amount 
of liquid may be extracted from the zeolite - sol colloid to form wet gel - zeolite 
composite 410 and to obtain different gel matrices that differ in mechanical properties 
and k values. 

[0023] Furthermore, as shown in Figure 5, approximately any remaining liquid in 

the wet gel (previously formed from a zeolite - sol colloid) may be extracted to form 
aerogel - zeolite composite 510. By using different extraction conditions (vacuum, 
temperatures, various extraction rate), the resulting aerogel - zeolite composite 510 is 
variable to obtain different mechanical properties and k values. The extraction of the 
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remaining liquid may be done by the same methods aforementioned in reference to 
extraction step 405 shown in Figure 4. Approximately any remaining liquid may mean 
that the full amount of the remaining liquid is extracted. Approximately any remaining 
liquid may also mean that some residual amount of liquid is left. Approximately any 
remaining liquid may also mean that enough of the liquid is extracted for the wet gel to 
form a solid. 

[0024] Turning to Figure 6, wet gel - zeolite composite 410, as shown in Figure 

4, or aerogel - zeolite composite 5 10, as shown in Figure 5, may be calcined, as shown 
by calcination step 605. Calcination step 605 may include heating a wet gel - zeolite 
composite or an aerogel - zeolite composite. Furthermore, calcinations step 605 may 
include cooling the wet gel or aerogel zeolite composite to hold/freeze the structure of the 
composite. As an example, the wet gel or aerogel zeolite composite may.be heated in an \ 
xbven at 400°C. The oven may then be cooled to room temperature freezingthe structure t 
of the wet gel or aerogel zeolite composite. Calcination may result in a compression of 
the wet gel or aerogel zeolite composite, but it is not necessary that the composite reduce 
in size. 

[0025] Referring to Figure 7 and Figure 8 further damascene processing may be 

done on the wet gel - zeolite or aerogel - zeolite composite film. To simply further 
damascene processing, Figures 7 and 8 depict an aerogel - zeolite composite ELD 710. 
However, it is readily apparent that any amount of liquid may be removed from a liquid 
sol - zeolite colloid to form either a wet gel, an aerogel, or anywhere in between a wet gel 
and aerogel composite with zeolite depending on the properties desired. In Figure 7, a 
via opening 705 and a trench 710 is etched in aerogel - zeolite composite ILD 715. In 
Figure 8, a barrier layer 805 is deposited on the surfaces of aerogel - zeolite composite 
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ILD 715. Then conductive material 810 is formed in via opening 705 and trench 710. It 
is apparent that other well-known steps, such as chemical mechanical polish (CMP) and 
materials, such as copper, tantalum, etc., in the damascene process have been left out so 
as not to obscure the discussion of the sol gel zeolite composite material. 
[0026] Therefore, as shown above, a liquid sol - zeolite composite may be 

deposited on an underlying layer. That liquid sol- zeolite colloid may be formed into wet 
gel by extracting at least some liquid from the colloid or into an aerogel by extracting 
approximately all of the liquid from the colloid. Optionally, the wet gel or aerogel zeolite 
composite may be calcined to freeze the structure. This composite film may obtain the 
low k values of sol gel dielectric materials without the mechanical weakness, because of 
the zeolite composite which adds the mechanical strength to the dielectric material. 
Moreover, the gel - zeolite composite film may form a uniform film unlike the pure 
zeolite films, which have crystalline structures that make uniform .films difficult to form. 
[0027] In the foregoing specification, the invention has been described with 

reference to specific exemplary embodiments thereof. It will, however, be evident that 
various modifications and changes may be made thereto without departing from the 
broader spirit and scope of the invention as set forth in the appended claims. The 
specification and drawings are, accordingly, to be regarded in an illustrative sense rather 
than a restrictive sense. 



10 



Attorney Docket No.:42.P17284 



